Abstract Two polymerase chain reaction (PCR) protocols showed low sensitivity (36% and 53% for TB AMPLICOR and MPB64 nested PCR, respectively), when compared with classic microbiological methods (73% and 54% for Ziehl-Neelsen staining and culture, respectively), in the diagnosis of tuberculous meningitis in 91 patients in southeastern Brazil. Only three PCR-positive, microbiologically negative patients were found. Analysis of sequential cerebrospinal fluid samples by nested PCR detected Mycobacterium tuberculosis DNA up to 29 days after the introduction of antituberculosis chemotherapy. Key-words: Diagnosis of tuberculous meningitis. PCR. Mycobacterium tuberculosis.
Tuberculosis is responsible for over two million deaths each year across the world, and Brazil is one of the 22 high-burden countries that together report 80% of new cases world-wide. The situation is further complicated by the spread of HIV/AIDS and the emergence of multi-drug resistance among local Mycobacterium tuberculosis strains 16 . Around 90,000 new cases are reported yearly in Brazil, more than half of them involving patients living in the southeastern region of the Country. Almost 15% of all patients with newly diagnosed M. tuberculosis infection in São Paulo, southeast Brazil, are HIV-infected 17 . Pulmonary tuberculosis is by far the most common clinical presentation of symptomatic M. tuberculosis infection, but extrapulmonar y involvement, such as meningitis, remains a significant cause of morbidity, especially among HIV-infected patients 9 . Bacteriological diagnosis of tuberculous meningitis relies on the microscopic identification of acidfast bacilli (AFB) on smears, and culture of mycobacteria on solid or liquid media. Microscopy is a simple and rapid screening test, but lacks sensitivity. Routine culture takes four to eight weeks to yield positive results. The radiometric BACTEC 460 TB system (Becton Dickinson) represents an important alternative to standard culture, since it requires only two weeks to detect most positive specimens 1 , but the high cost limits its availability in most referral hospitals in developing countries.
The need for a rapid diagnosis has led to the assessment of several polymerase chain reaction (PCR)-based procedures for detection of M. tuberculosis DNA in cerebrospinal fluid (CSF) samples. The sensitivity of these molecular methods has been reported to vary between 33% 15 and 90.5% 13 , and therefore the role of PCR in routine diagnosis remains unclear 4 , especially in resource-poor settings. Here we have examined the performance of two PCR-based methods, a commercially available kit (TB AMPLICOR, Roche Diagnostic Systems) and a nested PCR described by Liu and colleagues 13 , in the diagnosis of tuberculous meningitis in a tertiary care hospital in southeastern Brazil.
This study was performed at the Hospital de Base, a 600-bed teaching hospital situated in São José do Rio Preto, São Paulo State. A total of 105 CSF samples were obtained prospectively, between April 1996 and February 2000, from 91 patients with suspected meningitis (mean age, 33 years; range: 3 months-61 years). More than one CSF sample was available for 10 patients, and for 5 of them samples were also collected after the introduction of chemotherapy for tuberculosis. Sixty-six (73%) patients had serologically confirmed HIV infection (mean CD4 cell count, 81.2/ml; range: 2-384/ ml). All patients were grouped according to a set of clinical and laboratorial criteria, essentially as described and validated by Ahuja and colleagues 2 : (A) presence of fever and headache lasting more than 14 days, with or without vomiting, alteration of sensorium or focal deficit; (B) presence of acid-fast bacilli (AFB) on CSF smears stained with Ziehl-Neelsen (ZN) or culture (B1), and absence of other bacteria and fungi, as well as malignant cells, in CSF (B2); (C) CSF pleocytosis with more than 10 cells/ml (more than 60% lymphocytes) (C1), and CSF concentrations of protein greater than 0.6mg/ml (C2) and of glucose less than 60% of the corresponding blood level CSF samples (about 12ml) were divided into three portions. One aliquot was sent to the CSF laboratory of Hospital de Base for cytology, biochemistr y, bacterioscopy and culture for M. tuberculosis and other bacteria using standard methods 3 . The second portion was sent to the Laboratory of Mycobacteria, at the Department of Microbiology of the University of São Paulo, in São Paulo, for DNA extraction and amplification with the TB AMPLICOR kit. This test targets a speciesspecific sequence within the small sub-unit (16S) ribosomal RNA (rRNA) gene from M. tuberculosis. CSF samples were stored at -20°C, and DNA extraction was performed as recommended for respiratory specimens, according to the manufacturer's instructions. Briefly, 500ml of wash solution were added to 100-ml CSF aliquots, the mixture was vortexed and centrifuged (12,500g for 10 min). Supernatants were aspirated, and 100ml of lysis reagent was added to the pellet. The samples were then vortexed and incubated for 45 min at 60°C. Next, the samples were centrifuged (12,500g for 10 s), and 100ml of neutralization reagent were added, followed by vortexing. Fifty microliters of extracted DNA templates were used in PCR. Amplification was performed exactly as recommended by the manufacturer, using a GeneAmp System 9600 thermal cycler (Perkin-Elmer). The amplification products were incubated with 100ml of denaturation solution, and 25-ml aliquots of denaturated samples were transferred to the wells of microtiter plates coated with a probe that targets a M. tuberculosis-specific sequence within the PCR product. Internal positive and negative controls were included in all experiments. Due to budget limitations, only 46 samples were tested with AMPLICOR kits, and no sample was re-tested, regardless of the occurrence of discordant results between PCR-based and microbiological diagnoses.
The third CSF aliquot (200-500ml) was sent to the Laboratory of Molecular Parasitology, at the Faculty of Medicine of São José do Rio Preto, for DNA extraction and amplification by a nested PCR protocol that targets the species-specific MPB 64 protein gene from M. tuberculosis 13 . CSF samples were stored at -20°C until DNA extraction. Template DNA was prepared from 200-ml aliquots of CSF, which were incubated with protease K (20mg/ml in a buffer containing 12mM-TrisHCl pH 8.0, 6mM EDTA and 0.6% SDS) for 3 hours at 56°C, and purified in GFX columns (Amersham Pharmacia Biotech) according to the manufacturer's instructions. Two rounds of PCR amplification were performed in a Genius thermal cycler (Techne). The first round used the pair of external primers (here named MPB1 and MPB2) originally described by Shankar and colleagues 20 , while the second round used the internal primers (here named MPB3 and MPB4) designed by Liu and colleagues 13 . All primers were supplied by Gibco, and their sequences were given in the original publications. PCR mixtures included 5ml of extracted DNA or 1ml of first PCR product, 0.4mM of each primer, 200mM of each dNTP, and 0.75U of Taq polymerase (Amersham Pharmacia Biotech) in a final volume of 25ml. In the first PCR, the mixture was incubated for 5min at 95°C, followed by 35 cycles of 94°C for 1min, 50°C for 1min and 72°C for 1.5min, and a final incubation at 72°C for 10min. The program for the 25 cycles of nested PCR was 94°C for 1min, 55°C for 1 min and 72°C for 1.5min, followed by a final incubation at 72°C for 10 min. Amplification reagents and PCR products were handled in different laboratories using pipettes equipped with aerosol-resistant filter tips, in order to prevent carry-over contamination. The 200-bp amplification product was resolved by 1.5% agarose gel electrophoresis, stained with ethidium bromide and visualized under UV transillumination. Laboratory personnel was unaware of microbiological diagnosis at the time when the first PCR experiments were performed, but later all samples showing discordant results between microscopy and PCR were re-tested using, whenever possible, newly extracted DNA templates. A given sample was considered positive if M. tuberculosis DNA was detected in at least one test. Table 1 shows that both PCR-based approaches had a relatively low sensitivity in detecting M. tuberculosis (respectively 36% and 53% for AMPLICOR and nested PCR), when compared with routine microbiological methods (respectively 73% and 54% for ZN staining and culture). Additionally, nested PCR was positive for one HIV-infected patient classified as having highly probable tuberculous meningitis (two CSF samples obtained on different occasions yielded concordant nested PCR results). Both nested PCR and AMPLICOR were also positive for an HIV-negative patient with probable tuberculous meningitis who was empirically given specific chemotherapy. Furthermore, an HIV-negative patient with confirmed pulmonary tuberculosis and possible tuberculous meningitis was positive by nested PCR only. Thus, three PCR-positive and microbiologically negative patients were identified, suggesting that PCR was able to identify a quite limited number of additional cases missed by microbiological methods. We interpreted this relatively poor diagnostic performance as resulting from: (1) low number of organisms present in CSF samples, that were below the detection threshold of our tests; (2) presence of DNA polymerase inhibitors in CSF samples 21 , or (3) presence of mycobacteria other than M. tuberculosis in some AFB-positive CSF samples, especially among HIVinfected patients. To examine the first hypothesis, we assessed the detection threshold of nested PCR by testing serial dilutions of purified DNA from M. tuberculosis culture. In these experiments, we were able to detect 0.2 pg of M. tuberculosis DNA, which corresponds to approximately 40 organisms 18 . Given the sample volume used in PCR, this corresponds to approximately 800 organisms per ml of CSF. Microscopical detection of AFB on standard ZN-stained smears usually requires between 5,000 to 10,000 organisms per ml of CSF, and a successful culture requires usually the presence of 10 to 100 mycobacteria in the sample 5 . However, a previous study 7 showed that most culture-positive CSF samples had fewer than 10 mycobacteria per ml. These data suggest that substantially larger sample volumes should be processed in order to improve the sensitivity of PCR protocols 11 , including AMPLICOR, which has been usually performed with 100ml of CSF 6 (and this study). To address the second hypothesis, purified M. tuberculosis DNA was diluted in PCR templates prepared with CSF from 17 patients with either clinically suspected or microbiologically confirmed infection, but with negative nested PCR results. In all cases, it was possible to amplify M. tuberculosis DNA in these samples, suggesting that the presence of polymerase inhibitors played no major role in determining negative results. The authors have not performed a similar analysis for AMPLICOR-negative samples, but equivalent results for CSF samples had been reported in a previous analysis of this kind 21 , suggesting that the presence of polymerase inhibitors in the CSF does not represent as major limiting factor for amplification of M. tuberculosis DNA. The third hypothesis regards atypical mycobacteria, that have occasionally been detected as a cause of meningitis in immunocompromised patients 8 10 . Since the study population included a large proportion of HIV-infected patients with low CD4 cell counts, and the target sequences of both PCR procedures are narrowly species-specific, the authors could not rule out the possibility that some false-negative results originated from the presence of atypical mycobacteria in AFBpositive patients. Further microbiological studies are required to address this issue.
At least one AMPLICOR-positive sample may be classified as a false-positive result (Table 1) , since the patient did not meet clinical diagnostic criteria for tuberculous meningitis and fully recovered without specific chemotherapy. This patient was negative by nested PCR. This false-positive result may have originated from either carry-over contamination during PCR or from cross-reaction with non-mycobacterial DNA. No result may be surely considered as falsepositive among those obtained with our nested PCR. Interestingly, a recent comparison 12 showed that a PCR targeting the MPB 64 gene was considerably more specific than reactions based on the 65 kDa heat shock protein (HSP) gene and the repeated sequence IS6110.
Analysis of sequential CSF samples from five patients revealed that nested PCR was able to detect M. tuberculosis DNA up to 29 days after starting antituberculosis chemotherapy ( Table 2 ), suggesting that PCR may be useful when patients had been given empirical treatment and standard microbiological tests ware negative. Despite this, the role of PCR in the diagnosis of tuberculous meningitis in resource-poor countries remains controversial 6 19 . To the authors' knowledge, only one previous paper on this subject had been published in Brazil. Machado and colleagues amplified a fragment of the 65kDa HSP gene in 7 of 10 patients with suspected M. tuberculosis meningitis and in none of 10 patients with other infections 14 . Sample volumes used for PCR analysis were not described 14 . Further studies are clearly needed to evaluate the performance of PCR in different clinical settings, including empirically treated patients, before the role of this technique in routine diagnosis of tuberculous meningitis in Brazil may be established. 
